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1. Introduction 
In eukaryotic cells the messenger RNA and their 
precursors are invariably associated with proteins to 
form messenger ibonucleoprotein complexes called 
mRNP. In the cytoplasm, mRNP can be bound to 
ribosomes or can be in the non polyribosomal state, 
i.e., free mRNP (review [ 11). Moreover kinetic studies 
on cytoplasmic mRNA have suggested a relationship 
between free mRNP and polysomes [226]. Free 
mRNP are not translated in a cell-free system [7,8] 
while both naked mRNA from these free particles 
and the polysomal mRNP can direct protein synthesis 
[4,6,7,9,10]. Of the mRNA-associated components, 
proteins or-protein-associated factors may play a 
functional role in translational control. Among these 
proteins several are reversibly phosphorylated [ ll- 
151. These observations along with the occurrence of 
a phosphorylation process in the initiation of protein 
synthesis [ 161 have prompted us to study the behavior 
of phosphorylated proteins associated with mRNA in 
free mRNP as well as in polysomes. 
Here, we analyze kinetically the behavior of phos- 
phorylated proteins and mRNA components in the 
passage from free mRNP to polysomes in mice plas- 
macytoma cells. 
2. Materials and methods 
2.1. Isolation of flee mRNP and polysomes 
Plasma cell tumours RPC5 were grown in Balb/c 
mice. Each tumor-bearing mouse was injected intra- 
peritoneally with 1 mCi [3H]uridine and with 75 1.18 
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actinomycin D after 14 h; under these conditions 
only synthesis of rRNA was entirely blocked [ 171; 
30 min after actinomycin D injection the mice received 
2 mCi [“‘PI orthophosphate intraperitoneally. They 
were killed at different times after this injection. 
Tumours were homogenized in 4 vol. ice-cold, 20 mM 
triethanolamine-HCl buffer (PH 7.6) containing 
150 mM KCl, 6 mM 2-mercaptoethanol, 4 mM mag- 
nesium acetate and 1 .l M sucrose. The homogenate 
was centrifuged at 20 000 X g for 1.5 min in a Spinco 
R 60 Ti rotor. To obtain separately free mRNP and 
polysomes, the post-mitochondrial supernatant was 
diluted to 0.25 M sucrose and centrifuged on a DzO- 
sucrose gradient at 180 000 X g for 20 h as in [ 181. 
The F200 fraction was obtained by centrifugation of 
the diluted post-mitochondrial supernatant at 
200 000 X g for 4 h in a Spinco R 60 Ti rotor. 
2.2. Determination of radioactivity 
Radioactivity was measured as in [ 1 l] using a 
scintillation spectrometer. The labelled compounds 
were determined by differential calculation. The 
radioactive material was adsorbed onto Whatman 
filters (2 X 4 cm); the filters were immersed in cold 
10% trichloroacetic acid and washed successively in 
cold 5% trichloroacetic acid, ethanol, ethanol-ether 
oxide (v/v) and finally in ether oxide. The first count 
of the dried papers corresponds to the 3H radioactiv- 
ity from long-term labelled r [3H] RNA plus the 32P 
radioactivity of 32P-phosphorylated proteins plus 
short-term labelled m [““PI RNA. In a second step, the 
rehydrated filters were treated with 5% trichloroacetic 
acid, heated 10 min at 95”C, washed as above and 
counted. This last count corresponds to 32P-phospho- 
rylated proteins; subtraction of the second from the 
first 32P count corresponds to mRNA. 
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2.3. Polyacrylamide gel electrophoresis 
SDS-polyacrylamide gel electrophoresis was done 
in slab gels according to [ 191 and consisted of a 
1 O-20% acrylamide gradient. After staining with 
Coomassie brilliant blue, the slab gels are treated with 
5% trichloroacetic acid at 95°C for 10 min to hydro- 
lyse the RNA, then dried and exposed to X-ray films 
(Kodak X-Omat). 
3. Results 
3 .l . Evidence of phosphorylated proteins in free 
mRNP and polysomes 
Cytoplasmic RNAs fractionated on a discontinuous 
DzO-sucrose gradient were analysed on a CsCl gra- 
dient as shown in fig.1. The [3H]uridine-labelled 
rRNA present in the polyribosomes bands exclusively 
at a density of 1.54 g/cm’, the 32P-labelled mRNA 
associated with ribosomes bands in the same density 
area (fig. 1 B). CsCl density gradient of free mRNP 
shows that the 32P-labelled mRNA has a relatively 
broad distribution of densities, with a maximum at 
1.43, whereas ribosomal particles are virtually absent 
(fig.lA). Since phosphorylated proteins are present in 
Fig.1. lsopycnic sedimentation in CsCl. Free mRNP (A) and I:ig.2. Evolution of labelted compounds in free mRNP and 
polysomes (B) obtained as described were fixed with 1% polysomes. The different labelled compounds, mRNA, rRNA 
formaldehyde, layered on top of a CsCl gradient and centri- and phosphorylated proteins are determined as in section 2. 
fuged during 14 h at 10°C and at 45 000 rev./mm in a Spinco (A) Stability of ribosomal RNA in polysomes: (X) total 
rotor SW 65. The radioactive material is analyzed as in scc- polysomal protein/r[3H]RNA; (e) m[32P]RNA/r(3H]RNA. 
tion 2: (0) 3H radioactivity from long-term labelled rRNA; (B) Incorporation of phosphorylated compounds: in poly- 
(a) a*P radioactivity from “P-1abelled mRNA plus “P-phos- somes, (0) m[32P]RNA/r[3H]RNA, (A) 32P-phosphorylated 
phorylated proteins; (A) 3zP radioactivity after treatment protein/r[3H]RNA; in free mRNP, (o) 32P-phosphorylated 
with 5% hot trichloroacetic acid; evidence of 32P-phosphoryl- proteins/m [ ,*P] RNA. R = ratio of two different compounds. 
ated proteins. The values are av. 3 expt. 
both particles, it becomes important to examine the 
role of phosphorylated proteins in the passage from 
free mRNP to polysomes. Are phosphorylated pro- 
teins from free mRNP precursors of those present in 
polysomes? 
3.2. Kinetic analysis 
If the above hypothesis is correct, the phosphoryl- 
ated proteins might be incorporated into polysomes 
with the same kinetics as mRNA. To examine this 
point we have analyzed the rate of phosphorylation 
of the proteins and mRNA in both free mRNP and 
polysomes. To follow the movement of mRNA and 
phosphorylated proteins into the cytoplasm, we took 
advantage of the property of actinomycin D to spe- 
cifically inhibit ribosomal RNA synthesis [ 17,20,21]. 
Fig.2A shows the behavior of [3H]uridine-labelled 
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FIg.3. CsCl gradients of F200 fraction. At 1,3 and 6 h after 3zP0, application, F200 fractions containing free mRNP and poly- 
somes are prepared as in section 2 and analyzed on a CsCl gradient: (0) 3H radioactivity from long-term labelled rRNA; (A) 32P 
radioactivity from “P-1abelled mRNA plus 3ZP-phosphorylated proteins; (A) 32P radioactivity after treatment with 5%> hot trich- 
loroacetic acid; evidence of ‘*P-phosphorylated proteins. 
rRNA in polysomes, several hours after actinomycin 
D treatment; the ratio [3H]uridine-labelled r-RNA/ 
polysomal proteins estimated as in [28] remains 
almost constant during the 12 h of the experiment. 
This indicates that: 
(i) rRNA y th s n esis is blocked as in [17,20,21]; 
(ii) Ribosomes are not significantly degraded during 
the kinetic experiment and can be reutilized for 
a reinitiation process [20,2 11. 
Consequently, we may analyze at different times the 
evolution of mRNA and phosphorylated proteins 
from both free mRNP and polysomes by comparing 
them with r [3H]RNA radioactivity. Thus at different 
times after addition of 32P04, the entire particulate 
fractions F200 are analyzed in shallow CsCl gradients 
(fig.3). As mentioned above, free mRNP and poly- 
somes are characterized by their CsCl gradient density 
at 1.43 and 1.54, respectively. At 1 h after 32P04 
addition, mRNA and phosphorylated proteins from 
free mRNP are labelled; 85% of the 32P04 material 
of density 1.43 is incorporated into mRNA: this cal- 
culation is obtained by substracting the hot trichloro- 
acetic acid resistant 32P-labelled material from the 
total cold trichloroacetic acid precipitable 32P-labelled 
material occurring in the 1.43 density region (fig.3, at 
1 h). At that time, few labelled mRNA appear in the 
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Fig.4. Analysis of phosphorylated proteins by polyacrylamide 
gel electrophoresis. T’ree mRNP and polysomes were obtained 
after centrifugation of a post-mitochondrial supernatant on a 
D,O-sucrose gradient [ 151 after 3 h 3zP0, incorporation. 
Phosphorylated ribosomal proteins were obtained by the 
extraction procedure in [29]. The proteins were analyzed by 
SDS gel electrophoresis on a 10-20s acrylamide gradient: 
(S) stained gel; (A) autoradiography. The radioactivity of 
free mRNP (60 pg) and polysomes (105 fig) was 14 300 cpm 
and 14 800 cpm, respectively. The radioactivity of phospho- 
rylated ribosomal proteins (45 ug) was 4300 cpm. Due to the 
low specific activity of the phosphorylated proteins (lo-15 
cpm/pg protein) the gels were exposed for 10 days. “‘P-labelled 
ribosomal proteins were prepared from polysomes 1281. M,- 
markers are phosphorylase h (94 000), bovine serum albumin 
(67 OOO), ovalbumin (43 000), carbonic anhydrase (30 000), 
soybean trypsin inhibitor (20 100) and a-lactalbumin (14 400). 
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polysomal region (polysomal mRNA represents >70% 
of the total cytoplasmic mRNA [4,5]). At 3 h and 
6 h, 32P-label appears in the polysomes although the 
peak of phospho~lated proteins does not increase 
considerably. The ratio of mRNA and of phosphoryl- 
ated proteins relative to rRNA has been measured 
in the polysomes. Fig2B shows that phosphorylated 
proteins and mRNA are incorporated into polysomes 
at different rates. As the rRNA labelling is constant 
during 12 h, (fig.2A), the mRNA is integrated into 
polysomes more rapidly than phosphorylated pro- 
teins (fig.2B). This may be correlated with the fact 
that the ratio of phosphorylated proteins to mRNA 
diminishes appreciably in the free mRNP during the 
first hours of 3zP-treatment. 
3.3. Iden tijication o~phos~ho~~at~~ proteins 
The preceding results show that all the phosphoryl- 
ated proteins do not follow the mRNA as it is inte- 
grated into the polysomes. The protein pattern of 
free mRNP and polysomes has been analyzed by 
polyacrylamide gel electrophoresis followed by auto- 
radiography. Some polypeptides are common to both 
complexes (fig.4); however in free mRNP the labelling 
of high Mr species seems to be stronger than in poly- 
somes. These latter particles show highly labelled 
polypeptide bands at <50 000 M,; some of them, 
such as the 33 000 Mr protein are ribosomaf. proteins 
[22,23]. 
4. Discussion 
We show here that mRNP phosphorylated proteins 
and mRNA are not integrated into polysomes with 
the same kinetics. Confirming (3-5], fig.2a,b show 
that mRNA is first present in free mRNP and there- 
after in polysomes. Fig.3 indicates that mRNA inte- 
grates more rapidly into polysomes than phosphoryl- 
ated proteins. The data suggest hat phosphoryIated 
proteins from free mRNP do not accompany the 
mRNA sequences into polysomes. Qualitatively and 
quantitatively, the phosphorylated protein patterns 
from both types of ribonucleoprotein complexes 
differ (fig.4). The major phosphorylated species 
present are either ribosomal subunits [22,23] or 
phosphorylated initiation factors [ 16,24,25 J; some of 
the latter may exist in the free mRNP pool 1261. In 
the transition free mRNP+ polysomes [2,.5,27], either 
an exclusion and/or a dephosphorylation mechanism 
of some of the mRNA-associated phosphoproteins 
may favor the transition from free mRNP to poly- 
somes. 
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